INTRODUCTION
In the far northwest corner of South Australia lie the Aṉangu Pitjantjatjara Yankunytjatjara (APY) Lands, home to dozens of small settlements. The historically economically disadvantaged Australian aboriginals who live in these communities are almost entirely dependent on groundwater resources, accessed through wellbores, for potable and agricultural water needs. There is generally a paucity of reliable hydrogeological knowledge about the aquifer systems in the APY lands. Wellbores are typically installed to ~50 m in depth through alluvial, calcrete, Aeolian, and fractured rock lithologies.
Meteoric recharge to the groundwater averages only 250 mm per year from episodic rainfall events. Groundwater may also be of poor quality due to salinity greater than 1000mg/L (Varma, 2012). As such, strategies to improve aquifer characterization in the region would facilitate informed water management decision-making.
Inspired by previous work in another part of South Australia (Inverarity et al., 2011 ) the purpose of this humanitarian geophysics project is to demonstrate that non-invasive surfacebased TEM and NMR geophysical measurements are effective for aquifer characterization in remote areas of the APY lands. The main goal is to produce a geophysical dataset that will aid in improving water resource security in the APY lands. One reason for the lack of hydrological data is that access to many areas is challenging, and coverage by traditional subsurface investigation on a large scale would be cost-prohibitive. When used in advance of future drilling activities, the approach we have demonstrated, using well-proven geophysical methods, will enhance the ability to more reliably intersect productive aquifers, thereby reducing drilling costs, decreasing the number of dry holes and improving water security to these areas. Although TEM measurements have been used in the past (Dodds and Clarke, 2003) , such a combined approach has not been demonstrated until now.
METHODS
Our method begins by analysing airborne magnetic data coverage that is available for the region. Qualitatively reviewing a map of the first derivative of the magnetic field, we identified a zone of lower amplitude signal that was hypothesized to reflect deeper overburden above the bedrock, and therefore a possible location of an aquifer. The surface-based geophysics would then verify the presence of an aquifer and provide detailed characterization.
SUMMARY
The Anangu Pitjantjatjara Yankunytjatjara (APY) Lands of South Australia is an arid environment and the population relies largely on groundwater resources for potable water and agricultural needs. Historically, locating productive wells in the region has been hit-and-miss and even if a water source was found, the quality may be unreliable. In this project, we seek to improve the water security in the APY lands by demonstrating that surface Nuclear Magnetic Resonance (NMR) and Time-Domain Electromagnetic (TEM) geophysical measurements are able to map local aquifers and quantify ground water resources, thereby optimizing site selection for potential future wells. Surface NMR is directly sensitive to water and TEM measurements detecting the electrical conductivity structure and able to image the subsurface over large areas -all entirely non-invasively and with minimal risk of disturbing sites of importance to the local Aboriginals.
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Time-domain Electromagnetic (TEM) measurements use two co-located loops of wire on the surface to create an electromagnetic field that is then rapidly shut off. As the field interacts with the subsurface, a signal is measured at the surface loop as a function of the resistivity and depth of the earth. We utilized a Zonge NanoTem with a 40 m transmitting loop and 10 m receiving loop with an offset loop geometry to enhance sensitivity. One advantage of TEM is that the instrument deployment and measurement are fast; therefore long transects are possible during relatively short field campaigns. In this investigation, a 7.5 km transect across the magnetic anomaly was sampled every 250 m using TEM.
Surface Nuclear Magnetic Resonance (NMR) is unique among geophysical measurements in that it is exclusively sensitive to water (Legchenko and Valla, 2002) . Similar to TEM, the measurement is made by generating an electromagnetic field using a loop on the surface. However, in the case of surface NMR, the electromagnetic field is tuned to a particular frequency that perturbs the magnetic moment of hydrogen protons in water aligned with the Earth's background magnetic field. After the electromagnetic pulse is switched off, the instrument records the signal related to those protons relaxing back to their equilibrium state. The amplitude of that signal is directly proportional to the amount of water in the subsurface. The measurement parameters are varied to focus sensitivity at various depths. We used a Vista Clara GMR surface NMR instrument at 22 locations along the TEM transect with either a 67 m square loop or 75 m circle loop. The surface NMR instrument and measurements are slower than TEM and therefore it is not possible to cover as much transect in a given time, however utilizing these measurements together allows for powerful advantages in interpretation: TEM reveals the aquifer geometry in detail, while surface NMR reduces ambiguity about where the TEM resistivity data can be interpreted as water or other geologic materials. Both of these measurement methods are well-proven in the scientific literature both independently, and more recently as a combined approach, however it was important to demonstrate their effectiveness in the APY lands for their specific aquifer characterization needs to better inform water management.
RESULTS AND INTERPRETATION
Comparison of surface NMR with drilling logs Because it was not possible to install borings along our transect during the field campaign for validation purposes, we began by making measurements at nearby wellbores with available drillers' logs. One concern at the outset was that magnetic materials in the area might make NMR measurement difficult (Grunewald and Knight, 2011) and therefor one objective of this comparison was to verify that the measurement was performing as expected. Furthermore, we wanted to get a sense for how the prospective water bearing materials would be resolved both with NMR and TEM. Figure 2 illustrates the results of this comparison survey. As can be seen in Figure 2a at the Fregon 64 bore, the measured static water level (SWL) is coincident with the depth where surface NMR measures high water content. This measurement also resolved the sand aquifer (shaded blue) that extends to rock with volumetric water content in excess of 10%. At the Fregon 65 bore (Figure 2b ) we observe that an aquifer begins below the clay layer (shaded green) and the aquifer is mostly silty sand (shaded magenta). In this case, bedrock was not encountered during drilling and the NMR result indicates that there is likely water-bearing unit that extends even beyond the bottom of the bore The measurement even reflects a clay-rich layer at 20 m with a drop in the water content profile.
With these validation measurements, we are confident in the interpretation of measurements along our target transect.
Target transect
The resulting TEM/surface NMR imaging of target transect crossing the anomaly identified in the first-derivative airborne magnetic map is shown in Figure 3 . The magnetic anomaly begins at 1000 m along our line and extends to 4750 m. We generally interpret this as a graben in an extensional fault zone with the bedrock dropped down and sediments filled in.
We found that both TEM and surface NMR data quality in the study area were almost universally excellent. In the TEM data, this zone is underlain by a deep dipping conductor and a series of shallow patches of lower conductivity. The NMR results indicate that there is water in quantities similar to what was observed in the existing production bores (Fregon 64 & 65) above the conductive anomaly. Within the conductive anomaly, the surface NMR generally indicates a sharp drop in water content. Therefore, we interpret that the viable water source here is between below 10 m and between 10 -30 m thick. We suggest that targeting the zones of lower electrical conductivity that are coincident with verified water such as at 1000 m and 2000 m along the line that may indicate lower salinity groundwater. Outside the identified aquifer zone, the TEM indicates lower conductivity below ~10 m depth that may correspond with less weathered rock. Although surface NMR did detect water in these areas as well, the quantities are generally lower and the distribution is variable
INTERACTIONS WITH STAKEHOLDERS
Given the humanitarian motivations of this project, interaction with local stakeholders was a valuable component to help understand how the community relies on water and what drives the need for enhance aquifer characterization. While in the field, we met with local managers, anthropologists and aboriginal ranchers to discuss water and the potential impact of this project on water resources in the region. Since completion of field activities, we have also begun to communicate preliminary results to stakeholders in APY lands water: South Australia Department of Environment Water and Natural resources who have shown interest in these results as a means for identifying new well locations.
CONCLUSIONS
The first key outcome of this project was a successful demonstration that combined TEM and surface NMR measurements are excellent for aquifer characterization in the APY lands both in terms of data quality and location of aquifer targets. The second key out come is that we have contributed to hydrologic understanding of this particular aquifer near Fregon and demonstrated the extent of the available water source that is present.
